In this paper, a novel nanophosphor, Y 10 W 2 O 21 :Eu, was synthesized through co-precipitation which is a simple and low-costing method. The structure and morphology of the nanocrystal samples were characterized by using XRD and FE-SEM. The emission spectra, excitation spectra and fluorescence decay curves were measured. 
INTRODUCTION
White light-emitting diodes (LED) have many advantages over the traditional incandescent and fluorescent lights, such as energy-saving, environment-friendly, a long lifetime and stability. It has evoked much attention since the end of the last century. At present, a white-light LED with a blue GaN chip in combination and a yellow phosphor (YAG:Ce 3+ is commercially available. 1 However, such a combination exhibits a poor color rendering index because of the lack of a red light component. 2 In addition, the combination of a near-UV InGaN chip with blue, green, and red phosphors is another way to generate white light that will yield a high color rendering index and color reproducibility. [3] [4] Both applications require redemitting phosphors, however, limited work involving them has been reported so far for potential white LED applications. Therefore, it is an attractive and challenging research task to develop novel and stable red phosphors that can be excited effectively by the near UV or blue LED.
Metal tungstate materials have great potential for applications in display, illumination, optic communication, chemical catalysis and other fields due to their excellent optical, electromagnetic properties and chemical stability, [5] [6] [7] [8] [9] [10] Especially, Eu 3+ doped tungstates possess * Author to whom correspondence should be addressed.
strong absorption corresponding to Eu 3+ 4f -4f transition in near UV and blue light region, and can transform the absorption energy to red-light emissions of a high color purity. Also, because nanomaterials have special properties that are different from the bulk materials there has been much interest in exploring the elemental physical mechanisms and in finding potential applications as new engineering materials in many aspects relative to luminescence. [11] [12] [13] [14] [15] Therefore, the preparation and luminescent properties of Eu 3+ doped tungstate nanomaterials have attracted more and more interest. [16] [17] [18] In addition, Eu 3+ doped M x (WO 4 y systems have been widely studied, but less attention has been paid to the other types of tungstates (for example, Y 10 W 2 O 21 , while other types of tungstate systems may have a more excellent luminescent properties, so it should also be taken enough attention.
In this paper, we have synthesized Eu 3+ doped Y 10 W 2 O 21 nanphosphors using a co-precipitation method and studied their photoluminescence properties in detail. has many advantages over other methods, such as simple equipment, short time period, and simple operation and has been widely used to prepare nanosized rare-earth oxides. [19] [20] [21] [22] The detailed process was as follows: first, the Eu(NO 3 3 · 6H 2 O and Y(NO 3 3 · 6H 2 O of required molar ratio (total mole of RE 3+ is 0.001 mol) were dissolved in 20 ml distilled water, and the acidity of the solution was adjusted to pH 2.0 with HNO 3 . Suitable molar amount of Na 2 WO 4 ·2H 2 O was dissolved in 50 ml distilled water, and the pH was adjusted to 10-11 with ammonium hydroxide. Second, the rare-earth solution were dropped to the aqueous Na 2 WO 4 solution slowly under stirring, and then a white precipitate formed at once. After all rare-earth solution was dropped into Na 2 WO 4 solution, the white suspension solution was stirred for 30 minutes to ensure a complete reaction. The precursor solution was centrifuged at 4500 rpm for 20 min. The resulting white precipitate was washed several times with distilled water and dried at 80 C for 3 h. Finally, the red phosphors were obtained when resultant precursors were calcined at 900 C for 1 h. Eu 3+ doped Y 10 W 2 O 21 were synthesized via the above methods.
EXPERIMENTAL DETAILS

Characterization
XRD patterns were measured by a SHIMADZU XRD-6000 X-ray diffractometer using Cu K radiation ( = 1 5406) as an X-ray source. The XRD data were collected by using a scanning mode in the 2 range from 10 to 60 with a scanning step of 0.02 and a scanning rate of 2.0 min −1 . Silicon was used as an internal standard. The particle size, shape and morphology were examined by using the Hitachi S-4800 field emission scanning electron microscopy (FE-SEM) with an accelerating voltage of 15 kV. The fluorescent spectra were measured by using a Hitachi F-4500 fluorescent spectrophotometer equipped with a xenon lamp as an excitation source. In the measurement of the fluorescence decay, the fourfold frequency output of a pulsed YAG:Nd laser, 266 nm, with line width of 1 cm −1 , repetition frequency of 10 Hz, and pulse duration of 10 ns was used to excite the samples. The fluorescent signals were leaded to a French TR-550 grating monochromater and detected by a 928-type photomultiplier connected to a digital oscillograph for recording data.
RESULTS AND DISCUSSION
Structural and Morphology
Characterization of the Nanocrystals Figures 1(a, b) 
where k is 0.9, (1.54 Å) is the radiation wavelength of the copper target, represents the full width at half maximum (FWHM) of the diffraction peak, 0 is a modification factor for the system broadening, and stands for half of the diffraction position 2 . Figures 2(a-d) show the SEM images of Y 10 W 2 O 21 nanocrystallines doped with Eu 3+ of 5 mol% and 20 mol%, respectively. It is seen that the particle sizes exhibited by SEM are in good agreement with the calculation results. Figure 4 (a). It can be seen that the excitation spectrum consists of two parts: one is an intense, broad band from 200 to 350 nm, the other one includes sharp lines from 350 to 550 nm. Generally, the wide band is formed by the O-Eu and the O-W CTB (charge transfer band). The charge transfer bands have been fitted by using two Gaussian function curves, and the results are in good agreement with the experimental data. In order to characterize the transition rates between different energy levels of rare-earth ions, J-O (Judd-Ofelt) theory leads a group of transition strength parameters ( = 2 4 6), also known as the J-O parameters.
Photoluminescent Properties of the Nanocrystals
23-24
Delivered According to J-O theory, the magnetic dipole transition rate of the 5 D 0 -7 F 1 transition can be expressed as
where k md is the transition energy of the 5 D 0 − 7 F 1 transition in a wavenumber and h is Planck's constant. The factor n is the refractive index of host, and an average index of n equal to 1.5 is used. J equals zero for the 5 D 0 -7 F 1 . S md is the line strength of 5 D 0 -7 F 1 transition. Because the line strength of magnetic dipole transition nearly cannot be influenced by outer environment, the value of S md for a certain transition has no relation with the host and is a constant. S md is calculated to be 7.83 × 10 −42 esu(c) cm 2 through the data in literature. 25 The 5 D 0 -7 F J (J = 2 4 6) transitions are electric dipole transitions, therefore, the radiation rate can be written as
where e is the electric charge, k is the wavenumber of electric dipole transition luminescence, is the intensity parameter, and J U J 2 values are the squared Table I .
All parameters in this section use Gauss system of units. Therefore, Eq. (3) also can be described as A J
We measured the fluorescent decay curves of the 5 Table II , it can also be seen that the quantum efficiency of the same nanocrystal hosts is decreasing gradually when the Eu 3+ doping concentration increases. The above phenomenon can be explained as follows: as the Eu 3+ doping concentration increases, the probability of the energy transfer between Eu 3+ also increases, and the energy of excited electrons can been transmitted to the quenching centers more easily, which increase the rate of nonradiative transitions. 
where I 1P and I ZP are the integral intensities of onephonon line and zero-phonon line, respectively. S is the Huang-Rhys factor. 26 According to transition selection rules, the 7 F 0 -5 D 2 transition known as the zero-phonon line is a purely electric dipole transition. Moreover, the multi-phonon sideband locates at a higher energy side than 
CONCLUSION
In this work, we have synthesized the pure phase Y 10 W 2 O 21 :Eu nanocrystals using a co-precipitation method. The co-precipitation method has many advantages, such as simple operation, simple equipment, low calcination temperature (900 C), short calcination time (1 hour), short preparation period (the whole synthesis process can be completed within 6 to 7 hours) and small particle size. The structure and morphology of the samples were characterized by using XRD and FE-SEM. The results of XRD and FE-SEM show that resulting powders are Orthorhombic structure and have an average diameter of about 80 nm. We measured the emission and excitation spectra of the sample obtained and calculated J-O parameters and the quantum efficiencies according to the experimental data. 
